work closely with health experts from several African countries to design and test a decision support system to provide health officials with useful meteorological information. "By targeting forecasts in regions where meningitis is a threat, we may be able to help vulnerable populations. Ultimately, we hope to build on this project and provide information to public health programs battling weatherrelated diseases in other parts of the world," said Rajul Pandya, director of UCAR's Community Building Program. Funding for the project comes from a $900,000 grant from Google.org, the philanthropic arm of the Internet search company.
-RanDy sHowsTaCK, Staff Writer This Forum is based on my own personal experience with the climate and paleoclimate community during the past several years. This experience includes having read numerous articles and having witnessed numerous interdisciplinary discussions at various conferences. A theme I have frequently encountered is the sense that the resolution of modern state-of the-art global climate models is so high that-when compared with simple models-their results represent the "absolute truth." It seems that through genuine efforts to improve aspects of numerical modeling, the point that they are still models and not observational data is occasionally forgotten.
The main message of this Forum is to point out that regardless of how high the resolution of numerical climate models is, and regardless of what comparison one makes with other models, the predictive results of the climate models should still be regarded as questionable and unverifiable modeling results. The purpose of this Forum is to encourage the judicious use of a hierarchy of models. With the present trend in climate modeling, we are in danger of going down a path of increasing resolution for the sake of increasing resolution rather than for increasing our understanding.
The Different Views
Global climate modelers understandably view analytical and simple models as "too simple" because they isolate specific processes rather than capture all of them at once. While this point of view of global numerical modelers often is correct, global modelers ironically regard even nonlinear processes-which originally led to the term "complex systems"-as "too simple." Analytical modelers, on the other hand, view the global numerical models as much too complicated tools leading to "black boxes" that do not always allow for an understanding of the processes in question. Accordingly, analytical modelers argue that you cannot predict what you do not thoroughly understand, whereas global climate modelers say that we have no other choice.
Some may draw an analogy here to the space program. It is inconceivable to construct a space shuttle without thoroughly understanding all of its many components, each of which has been carefully tested in isolation. Likewise, it should be inconceivable to construct reliable global climate models without understanding all of their components. Yet predictions are regularly made on the basis of models whose components and feedbacks are not well understood. The award of the 2007 Nobel Peace Prize to Al Gore and the Intergovernmental Panel on Climate Change was, by and large, a very positive step toward progress on environmental issues, but the award also had a negative impact. It exacerbated the divergence that we are addressing here because, in part due to the award, some now regard the global numerical models-particularly those with higher resolution-as providing the "absolute truth."
Still worse, some global numerical climate modelers hold the view that their models' results are always correct unless the process in question is a subgrid process. Because subgrid processes, such as mixing, govern the entire flow field and get integrated over many grid points, there are counterexamples where the model dynamics are totally wrong even when it is "merely" the subgrid processes that are wrong [see, e.g., Nof et al., 2007] .
For instance, regarding the Atlantic Meridional Overturning Cell, it is very probable that the only aspect that the global numerical models resolve adequately is the large-scale pressure gradient. Convection, overflows, eddies, and topography are all parts of subgrid atmospheric processes that are artificially masked and diffused in the numerics. The Reynolds number (UD/v, where U is the speed, D is the distance, and v is the viscosity) in a 1º global climate model is typically of order 1 (~O(1)), so it is no exaggeration to state that these models are representing most processes badly. Furthermore, the atmospheric mesoscale is approximately O(800) kilometers, whereas the oceanic mesoscale is merely about O(30) kilo meters, suggesting that in order to capture the heat exchange process properly, the atmosphere should be nested in convective regions.
Note that by "nested" it is meant that because of particular physical processes, the resolution is much higher in a particular area (the nest) than in the rest of the model. In this sense, idealized theoretical models look attractive, as it is better to resolve one aspect adequately rather than resolve all aspects inadequately.
It is of interest to note that Nobel Laureate and theoretical physicist Paul Dirac was concerned about a similar issue several decades ago. In a Time magazine article published shortly after his death in 1984, Dirac was quoted as advocating the idea that it is more important to have beauty in model equations than to have the model fit an experiment. His actual statement apparently was this: "It seems that if one is nEWS Honors Govindasamy Bala is a recipient of Elsevier's third annual Scopus Young Indian Scientist Award. Bala is an associate professor with the Indian Institute of Science's Center for Atmospheric and Oceanic Sciences, in Bangalore. The award recognizes outstanding young scientists and researchers in India who have made significant contributions to providing new research insights in their areas of research. Analytical tools in Scopus, Elsevier's abstract and citation database of peer-reviewed literature, were used in providing statistical data on applicants to the selection panel.
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Heavily studied in the 1970s and 1980s in part for their relevance to submarine detection and acoustic propagation, internal gravity waves are now of central interest in the physical oceanographic community for their role in global ocean energy cycles and mixing the oceans at great and shallow depths. Though the small time and space scales of internal waves may forever prevent their explicit resolution in global circulation models, their effects must be properly parameterized for reliable predictions of key quantities such as meridional heat transport.
To evaluate the state of the art of this field and formulate future directions, an international group of physical oceanographers recently gathered and discussed the current state of scientists' understanding of oceanic internal gravity waves and associated wavebreaking processes. The meeting (http:// www . apl . washington . edu/ projects/ PIMS _at _APL _Oct08/ index . html) was sponsored by the Pacific Institute for Mathematical Sciences and held at the Applied Physics Laboratory of the University of Washington in Seattle.
Discussion focused on a pioneering semiempirical model known as the GarrettMunk (GM) spectrum, which formed the basis for skillful parameterizations of the turbulent mixing of internal waves in the 1980s and 1990s. These represented a great advance because internal waves are much more easily mapped and included in largescale models than is turbulence itself. These parameterizations treat the internal wave field as a uniform "sea" of waves of many frequencies and wave numbers, referred to as the spectral continuum. The waves interact to transfer energy from large input scales to small scales, where breaking waves contribute to mixing and dissipation.
Recent work presented at the meeting also focused on strongly directional, narrow band motions at specific frequencies-called "near-inertial waves" and "internal tides"-which play a special role because they rise prominently above the continuum. Most recently, it has been further suggested that the continuum arises primarily from Doppler shifting of these few spectral lines by horizontal and vertical motions. This discretized interpretation of the wavefield calls for a different energy cascade, potentially invalidating some of the assumptions of the continuum-based parameterizations. More generally, failures of the parameterizations in high-energy regions lead to the devil's advocate question: Are the parameterizations only applicable where mixing is too weak to matter?
In the end, most meeting participants agreed that a continuum view is useful but that Doppler shifting is critical to the time variability of shear, strain, and mixing processes. Exciting recent theoretical work on the nonlinear interactions between the continuum waves reveals regional and seasonal differences in spectral level and slope, in contrast to the "universal" GM spectrum. These differences need to be catalogued at all scales, attendees agreed. Further, they determined that more work working from the point of view of getting beauty in one's equations, and if one has really a sound insight, one is on a sure line of progress. If there is not complete agreement between the results of one's work and experiment, one should not allow oneself to be too discouraged, because the discrepancy may we ll be due to minor features that are not properly taken into account and that will get cleared up with further development of the theory" [Farmelo, 2009] . This is slightly different from what we deal with here but, nevertheless, addresses the same sort of problem.
What Is Needed?
To make progress in the field requires a broad research community that includes many different perspectives and has a healthy, respectful divergence of opinions. Each of the global numerical experiments and analytical models has its drawbacks and strengths. On one hand, the global models incorporate a wider range of processes. On the other hand, simple analytical and numerical models are more amenable to analysis and are valuable for their illumination of any changes that take place in response to other variations. Favoring one approach over the other will move us backward rather than forward.
It took meteorologists decades to arrive at the current state where we can make relatively reliable forecasts several days in advance. It may take the same amount of time, if not more, to make comparable progress in climate prediction. To be successful, we need to attack the problem from all angles with a variety of methods and a hierarchy of models. While predictions should obviously be made for planning purposes, some of us would prefer to see the global numerical models used more often for sensitivity studies (i.e., examining the behavior of one variable as others are changed) than for predictions, as at this stage, we need to understand what it is that has to be parameterized better.
It is worth noting a crucial difference between global climate modeling and weather prediction. In weather prediction, one finds out fairly quickly if the forecast was poor. Examining a "skill score" keeps the weather prediction community honest. Because of the different timescales, there is no such score for global climate models and it is not at all obvious how global climate models can be rigorously validated (or invalidated).
I am not sure that I can propose easy solutions to the above situation. However, the first step is to recognize that there is a problem. It is, of course, the job of those of us who use simple models to convince the global modelers of the significance of simple models and of their ability to shed light on what the global models show. Unfortunately, our success in that aspect so far has been very limited.
